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- PERIODIC ENGINE SPEED MONITORING
CIRCIT UTILIZING SAMPLING CIRCUITRY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The subject matter of the present invention is related
to the subject matter contained in a copending U.S.
patent application entitled, “Ignition Dwell Circuit for
an Internal Combustion Engine”, by Adelore Petrie and
Rupin J. Javeri, Ser. No. 905,260, filed May 12, 1978,
which is assigned to Motorola, Inc. The copending
application illustrates another use for the waveforms

generated by the circuitry shown In FIGS 1 and 2 of

the present application.

BACKGROUND OF THE _IN.VENTION

The present invention generally relates to the field of

electrical signal processing circuitry and more particu-
larly to the use of such circuitry for controlling the

dwell and spark ignition in an ignition system for an

internal combustion engine.

It has been recognized that the present day mechani-
cal ignition systems for automobiles and similar vehicles
cannot meet the requirement for reliably controlling the
spark timing and dwell of an internal combustion engine
over the estimated lifetime of the engine. Thus many
prior art solid state ignition systems have been proposed
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for electronically controlling the dwell and spark igni- -

tion of an internal combustion engine and thercby con-
serving fuel and reducing pollution by increasing the
efficiency of the englne

In addition, most prior art electronic lgmtlon systems
are unable to initiate dwell at a precise time before the
occurrence of a crankshaft sensor position pulse. The
prior art:systems have generally been unable to accu-
rately monitor the engine speed and update this speed
monitoring information durmg cach crankshaft rota-
tion. | |
Thus while the prior art electronlc 1gn1t10n systems
have avoided some of the disadvantages of the mechani-
cal ignition systems caused by the wearing out of me-
chanical parts, the accuracy of prior art electronic igni-
tion systems leaves much to be desired.

'SUMMARY OF THE INVENTION
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Accordingly, it is an object of the present invention -

to provide an improved signal processing circuit adapt-
able for use with the ignition system of an internal com-
bustion engine. |

It is a further object of the present invention to pro-
vide an engine speed monitoring circuit in which a
signal having a magnitude related to engine speed 1s
generated and the magnitude of this signal i1s updated
during each crankshaft rotation.

In one embodiment of the present invention an im-
proved engine speed monitoring circuit 1s provided.
The monitoring circuit comprises: sensor means for
producing variable period signal pulses wherein the
period of the pulses is related to engine speed; means
coupled to said sensor means for receiving said signal
pulses and periodically generating, in response thereto,
a signal having a magnitude varying at a predetermined
rate and having a peak magnitude related to the period
of the signal pulses, the peak magnitude thereby also
‘being related to engine speed, and wherein said peak
magnitude occurs at:the occurrence of said input signal
pulses; and sampling means coupled to said sensor
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means and said varying magnitude signal generating
means for producing an output signal related to the peak
magnitude of said varying magnitude signal by utilizing
said signal pulses to insure that the magnitude of said
varying signal, only during said signal pulses, deter-
mines said output signal.

Essentially, crankshaft position pulses are coupled to
the clock terminal of a D-type flip-flop and in this man-
ner the output terminal of the flip-flop monitors the
signal at the data terminal of the flip-flop only during
the existence of the crankshaft position pulses. Circuitry
is provided for developing a periodic varying magni-
tude signal having peaks which are synchronized with
the occurrence of the crankshaft position signal pulses
and wherein the magnitude of these peaks are related to
the period of the crankshaft position pulses and thereby
also related to the engine speed. The periodic varying
magnitude signal is used to determine an input to the
flip-flop data terminal. By utilizing the crankshaft post-
tion pulses, the output terminal of the D-type flip-flop
provides engine speed information which is effectively
updated for each crankshaft position pulse that is pro-
duced. Thus an almost instantaneous measure of engine
speed is provided and this flip-flop output level repre-
senfing engine speed is maintained until it is updated by
subsequent information provided during the next crank-
shaft rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the invention
reference should be made to the drawings, in which:

FIG. 1 is a schematic diagram of a signal generator
adaptable for use in an ignition system in which periodic
output pulses are produced having durations equal to a
precise percentage of the period of an input signal;

FIG. 2 is a schematic diagram illustrating an alternate
embodiment for a period of the circuit illustrated in
FIG. §;

"FIG. 3 is a schematic diagram of an engine speed
monitoring circuit which utilizes the waveforms devel-
oped by the circuit i1llustrated in FIG. 1; and

FIG. 4A-G are graphs illustrating the amplitude of

various signals produced by the circuits shown 1n
FIGS. 1-3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, a signal generator 19 is
illustrated which receives a periodic input signal and
produces permdrc output pulses that have durations
equal to a precise percentage of the input slgnal period.
The signal generator 10 basically comprises an input
sensor 11, a D-type flip-flop circuit 12 connected as an
S-R flip-flop, a dual slope integrating circuit 13 (shown
dashed) and a voltage comparator 14.

Preferably, the signal generator 10 is intended for use
in the ignition system of an internal combustion engine
and the sensor 11 corresponds to a crankshaft position
sensor for producing periodic input pulses having lead-
ing and trailing edges at an output terminal A, wherein
the period of these input pulses is variable and related
(inversely proportional) to the rotational speed of the
crankshaft of the engine since the occurrence of these
pulses is determined by predetermined rotational posi-
tions of the engine crankshaft (not shown). The sensor
11 can be either a magnetic sensor or, preferably, a Hall
effect sensor.
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The terminal A of the sensor 11 is directly coupled to
a set terminal S’ of the flip-flop 12. Data and clock
terminals (D’ and C’, respectively) of the flip-flop are
both directly connected to ground potential and a flip-
flop output terminal Q is directly connected to an out-
put terminal B while an additional flip-flop output ter-
minal Q is directly connected to a terminal C which is
the input terminal of the dual slope integrating circuit
13. A terminal D is the output terminal of the dual slope
circuit 13 and is directly connected as an input to a
negative input terminal of the comparator 14. A positive
input terminal of the comparator 14 is connected to
ground through a resistor 15 and connected to a posi-
tive voltage supply terminal 16 through a resistor 17. A
terminal E represents the output terminal of the com-
parator 14 and is coupled to the positive voltage supply
terminal 16 through a resistor 18 and is directly con-
nected to a reset terminal R’ of the flip-flop circuit 12.

The dual slope integrating circuit 13, as shown in
FIG. 1, comprises a resistor 20 coupled between the

terminal C and the base of an NPN transistor 21 which
i1s also connected to ground through a resistor 22. The

emitter of the transistor 21 is connected to ground and
the transistor’s collector is directly connected to both
the base and collector electrodes of an NPN transistor
23 which has its emitter directly connected to ground.
The collector of transistor 23 is connected to the volt-
age supply terminal 16 through a resistor 24 and is di-
rectly connected to the base of an NPN transistor 25

which has its emitter directly connected to ground and
its collector directly to the output terminal D. An inte-

grating capacitor 26 is coupled between the terminal D
and ground and a PNP transistor 27 has its collector
electrode directly connected to the terminal D and its
emitter electrode connected to ‘the terminal 16. The
base of the transistor 27 is connected to ground through
a resistor 28 and is directly connected to the base and
collector electrodes of a PNP transistor 29 which has its
emitter directly connected to the terminal 16. The com-
ponents 20-29 comprise the dual slope integrating cir-
cuit 13 shown in FIG. 1. FIG. 2 illustrates another
embodiment of the dual slope integrating circuit 13
which has precisely the same input and output operat-
ing characteristics.

“The operation of the signal generator circuit 10
shown in FIG. 1 will now be described with reference
to the signal waveforms illustrated in FIGS. 4A
through 4E which directly correspond to the signal
waveforms produced at the terminals A-E in FIG. 1,
respectively. The waveforms in FIGS. 4A-E represent
voltage waveforms wherein the vertical axis represents
amplitude and the horizontal axis represents time. A
breakpoint 30 is shown in the time axis of these wave-
forms and the waveforms to the right of the breakpoint
represent those signals produced at an engine crank-
shaft speed which is approximately twice the engine
crankshaft speed that produced the waveforms to the
left of the breakpoint. In all of the drawings, identical
reference numbers and letters are used to identify identi-
cal components, terminals signals and reference voltage
levels.

As previously mentioned, the crankshaft position
- sensor 11 produces a sensor signal designated by the
reference number 31 and shown in FIG. 4A. This signal
31 comprises a plurality of variable period input signal
pulses 32 wherein each pulse occurs at a predetermined
rotational position of the engine crankshaft. Each pulse
has a leading edge 33 and a trailing edge 34. FIG. 4A
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illustrates that the pulses produced to the left of the
breakpoint 30 occur at a period T wherein this period is
variable and is inversely proportional to the rotational
speed of the engine crankshaft. To the right of the
breakpoint 30, the signal 31 is illustrated as having a
period T’ which represents a higher engine crankshaft
rotational speed, approximately twice the rotational
speed that created the signal 31 to the left of the break-
point 30. While FIGS. 4A-E illustrate signals with
constant periods to the right and left of the breakpoint
30, it should be noted that the input signal period is
related to the engine crankshaft speed and therefore is
contemplated as being variable. FIGS. 4A-E are
merely shown with two different constant periods to
clarify the explanation of the operation of the present
Invention.

In FIG. 4A each sensor pulse 32 is illustrated as oc-
curring at a time tg, wherein the time from one tg to the
next represents the period T of the signal 31, which as
previously mentioned can be created by a Hall effect
sensor probe. The pulses 32 are received at the set ter-
minal S’ of the bistable flip-flop circuit 12. FIGS. 4B
and 4C 1illustrate the outputs of the flip-flop circuit 12 at
the output terminals Q and Q, respectively, as well as
the signals created at the terminals B and C, respec-
tively. The signal produced at terminal B is designated
by the reference number 35 whereas the signal pro-
duced at the terminal C is designated by the reference

numeral 36. Each signal comprises first and second

logic states and the logic states of signal 35 are the
inverse of the logic states of signal 36.

In response to each sensor pulse 32 received at the set
terminal §', the flip-flop circuit 12 creates a low logic
signal 37 at the terminal C. Subsequently, after precisely
one-third of the period T has elapsed, the signal 36 will
be switched to a second positive logic state 38 and the
signal 36 will retain this second logic state until the next
input sensor pulse 32. The manner by which the signal
36 1s caused to switch logic states after the elapsing of
precisely one-third of the period T will now be dis-
cussed.

F1G. 4D illustrates a dual ramp (saw-toothed) signal
40 which represents the voltage at the terminal I which
1s the voltage maintained at one terminal of the capaci-
tor 26. Initially, at the time tg the voltage 48 is assumed
to be at an initial value V;. In response to the low logic
state 37 produced at the terminal C, wherein the low
logic state corresponds to ground potential, the transis-
tor 21 is turned off and this results in turning on the
transistor 23 and having the transistor 25 discharge the
capacitor 26 at a constant predetermined rate. This
constant discharging rate is illustrated in FIG. 4D by
the linear slope k; and this rate of discharge is deter-
mined by the current passing through the resistor 24,
minus any charging current supplied by the transistor
27. This is because the transistor 23 is essentially con-
nected as a diode and the current through the resistor 24
determines the voltage developed by the diode con-
nected transistor 23. Since transistor 25 has its base-
emitter junction biased by the voltage developed by the
diode connected transistor 23, the transistor 25 will also
conduct precisely the same current that is being drawn
through the resistor 24. Thus the combination of the
components 23 through 25 represents a constant current
source that results in discharging the capacitor 26 at a
predetermined rate k; which results in decreasing the

voltage across the capacitor, corresponding to the sig-
nal 40, at the same rate.
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The voltage at the terminal D is monitored by the

comparator 14 which compares this voltage to a prede-
termined first reference level voltage determined by the
- resistor divider network comprising the resistors 15 and
17. This first reference level volitage corresponds to the
voltage at the junction between the resistors 15 and 17
and is illustrated in FIG. 4D by the dashed reference
line 41. Until the signal 40 at the terminal D is decreased
enough so that its magnitude equals the reference level
voltage 41, the output of the comparator 14 at the termi-
nal E will remain constant and at a low level. When the
capacitor voltage signal 40 has its magnitude decreased
to such an extent that it equals the reference level 41,
the comparator 14 will produce a reset pulse 42 as
shown in FIG. 4E. This occurs at a time t) after the time
to. The reset pulse 42 is coupled to the reset terminal R’
of the flip-flop 12 by a conductor 43 shown in FIG. 1.
This reset pulse switches the logic state of the signal 36
of the terminal C to the second logic state 38. With the
signal 36 having a magnitude corresponding to the sec-
ond logic state 38, which corresponds to a high voltage
logic state, this results in turning on the transistor 21.
With the transistor 21 turned on, the transistors 23 and
25 will be turned off thereby preventing the discharge
of the capacitor 26 by means of the current drawn by
the transistor 25. |
Whenever the transistor 25 is not discharging the
capacitor 26, the transistors 27 and 29 will charge up the
capacitor at a constant predetermined rate k) (slower
than the rate k;) determined by the magnitude of the
resistor 28. The components 27-29 represent a constant
current source which functions identically to the con-
stant current source created by the components 23-25.
Thus the signal 40, corresponding to the voltage at the
capacitor terminal D, will be increased at a constant
predetermined rate determined by the magnitude of the
resistor 28 and this constant rate of increase is illustrated
in FIG. 4D by a straight line segment having a positive
slope kj, whereas the slope k; and a negative polarity.
Since the magnitude of the voltage at the terminal D is
now increasing at the rate ky, this results in terminating
the pulse 42 produced by the Comparator 14, and the
magnitude of the signal 40 continues to increase until a
crankshaft position pulse 32 is again received at the set
terminal S’ of the flip-flop 12, which results in recom-
mencing the entire previously described cycle.
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‘Thus essentially a bistable flip-flop circuit 12 is used -

to produce first and second logic state signals 37 and 38
to control a dual slope rate changing circuit 13 that
charges and discharges a capacitor 26 to produce a time
varying signal 40 having a magnitude that varies at a
first predetermined rate k1 with a negative polarity and
then at a second predetermined rate ky with a positive
polarity. A standard DC voltage level comparator 14 is
used to monitor the magnitude of the signal 40 and
produce reset pulses 42 when this magnitude equals a
voltage reterence level 41. These reset pulses 42 are
coupled to the reset terminal R’ of the flip-flop circuit
12 and result in resetting the flip-flop. This reset mode is
maintained until a subsequent input pulse 32 is again
received at the set terminal S’ of the fhp-flop.

It has been found that the circuitry illustrated 1 in FIG.

1 and described above is capable of precisely dividing
- the input period T of the sensor signal 31 into any de-
sired fraction by insuring that the rate ks has an absolute
magnitude less than the rate k;. Or in other words,
- whenever the rate k; is a slower rate of change than the
rate ki, the circuitry in FIG. 1 will precisely divide the
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input signal period T and produce a waveform repre-
sentative of this precise division. This can be seen by
analyzing the signal relationships represented by the
following four equations.

Positive peak values of the waveform 40 result at the
time occurrence tgp of the crankshaft position sensor
pulses 32. The magnitude of these positive peaks can be
represented by the following equation:.

Vi—1 (1)
ﬁl = )Yk2 + Viyop,

= (T —

where V represents the positive peak, T represents the
period of the signal 31, k; and k; represent the rates of
change of the signal 40, V,.ris the reference level 41 and
\73 represents the peak value of the signal 40 at the
previous occurrence of a crankshaft p051t10n pulse 32.

In order to provide for a stable precise division of the
period T, the peak value Vrof the signal 40 must con-
verge rapidly to a final value. It can be shown that
whenever the rates of change of the signal 40 satisfy the
following equation:

(2)

then the peak value of the signal 40 will rapidly con-
verge toward a constant value, assuming that the period
of the crankshaft position pulses does not change.
Under this condition it can be shown that the duration
of the logic state 37 of the signal 36 is equal to a precise
fraction of the input signal period T. This relationship is
illustrated in the following equation:

k2
ki + ky '’

(3)

o — 1)
A —

wherein the quantity to-t1 divided by T effectively
represents the duty cycle of the waveform 36 and this
quantity must be less than one-half due to the restric-
tions imposed by equation two. From equation three it
can be seen that maintaining the rates kj and k; at con-
stant values the signal 36 will be produced wherein the
duration of the logic state 37 will be a precise constant
fraction of the total period T. Since the duty cycle of
the signal 36 will be constant, this waveform can now
be used by electronic apparatus to accurately control
the dwell and spark timing of an internal combustion
engine ignitfion system.

Preferably, the rate (slope) ks is equal to one-half of
the rate (slope) ki. This results in the logic state 37
having a duration equal to one-third of the period T,
while the logic state 38 exists for two-thirds of this
period. The waveforms shown in FIGS. 4A-E are
drawn to scale for such a rate relationship and illustrate
that after one cycle (the distance between two sequen-
tial sensor pulses 32) the signal 40 has reached a peak
value substantially equal to the final peak value Vyrand
that the duration of the logic state 37 is substantially
equal to one-third of the period T.

The waveforms in FIGS. 4A-E to the right of the

breakpoint 30 show the signals developed at each of the
terminals A-E after several cycles of an input sensor
pulse period T' has existed. For these waveforms the
peak values of the signal 40 have now converged to a
level V'rwhich is less than the value V shown to the left
of the breakpoint 30. In general the peak value of the
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wavetorm 40 can be represented by the following equa-
tion:

kaKy

. .l B " (4)
f__-kl'i"kl (1) + ref

From equation four and FIG. 4D it is clear that the
positive peak magnitudes of the signal 40 occur at the
occurrence of the input signal sensor pulses 32 (at the

times tg) and that the peak magnitudes of the signal 40
~ are directly proportional to the period of the crankshaft

position sensor pulses 32, and therefore also inversely

proportional to the rotational speed of the engine crank-
shaft. The fact that the peaks of the signal 40 occur at
the occurrence of the crankshaft position sensor pulses
32 and that the magnitude of these peaks is related to
engine speed permits the use of the waveform 40 to
accurately monitor the engine speed. Subsequently,
apparatus will be described which accomplishes the
results mentioned in the preceding sentence.

FIG. 2 merely illustrates another embodiment of the
dual slope rate changing circuit 13 shown in FIG. 1. In
FIG. 2 the terminal C is coupled through a resistor 50 to
the base of an NPN transistor 51 having its emitter
connected to ground. The collector of the transistor 51
1s coupled to the positive supply terminal 16 through a
resistor 52 and to the negative input terminal of an
operational amplifier 53 through a resistor 54. A posi-
tive input terminal of the amplifier 53 is connected to
ground through a resistor 55 and to the positive supply

terminal 16 through a resistor 56. The output of the
operational amplifier 53 is directly connected to the

terminal D and also connected to its negative input
terminal through an integrating capacitor 57. Essen-
tially, FIG. 2 merely represents another embodiment of
the dual slope rate changing circuit 13.

In FIG. 1, the resistor 28 determines the amount of
charging current contributed by the constant current
source comprising the elements 27-29 while resistor 24
determines the discharging current produced by the
constant current source comprising the elements 23-25.
Actually, 1n the embodiment of the dual rate change
circuit 13 in FIG. 1, the discharging current for the
capacitor 26 is the current determined by the resistor 24
minus the current determined by the resistor 28,
whereas the charging current for the capacitor is just
the current determined by the resistor 28. The charging
~ current determines the slope ky, whereas the discharg-
ing current determines the slope k;. In the embodiment
of the dual slope circuit 13 shown in FIG. 1, it was
- found that if resistor 28 had a magnitude of 150 kohms
~and resistor 24 had a magnitude of 50 kohms, then the
charging and discharging currents would be properly
related so as to divide the input signal period T into
one-third and two-thirds portions.

In the embodiment shown in FIG. 2, in response to

- . the low logic state 37 being produced at the terminal C,

the transistor 51 is turned off and the capacitor 57 is
charged at a rate determined by the series resistance of
the resistors 52 and 54. When the positive high logic
state 38 1s present at the terminal C, the transistor 51 is

~ turned on and the capacitor 57 is discharged by a cur-

rent essentially determined only by the magnitude of
the resistor 54. By having resistor 52 equal to a 100 k
and resistor 54 equal to 50 k, the circuit 13 in FIG. 2 will
function substantially identically as the circuit 13 in
FIG. 1. The feedback connection of a capacitor from
the output of an operational amplifier to its input in
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order to implement an integrating circuit is well known
to those skilled in the art.

FI1G. 3 illustrates an engine speed monitoring circuit
90 which utilizes the signals produced by the signal
generator 10 shown in FIG. 1 to produce an output at a
terminal G which is representative of the speed of rota-
tion of the engine crankshaft wherein the information at
the terminal G is updated in response to each crankshaft
position pulse 32 and wherein the speed indicating in-
formation is maintained at the terminal G until this
information is updated.

In the speed monitoring circuit 90, the terminal D is
directly coupled to the positive input terminal of a com-
parator 91 which has a negative input terminal coupled
to ground through a resistor 92 and coupled to the
positive supply voltage terminal 16 through a resistor
93. The output of the comparator 91 is provided at a
terminal F which is connected to ground through a
capacitor 94, connected to the terminal 16 through a
resistor 95 and connected to a data terminal D" of a
D-type flip-flop 96. The terminal A, at which the crank-
shaft position pulses 32 are produced, is directly con-
nected to a clock terminal C” of the flip-flop circuit 96,
and the reset terminal R" and the set terminals S of the
tlip-flop are both connected to ground while an output
terminal Q is directly connected to the terminal G.
Alternatively, terminal B could be connected to termi-
nal C" since the signal at terminal B also has transitions
which coincide with the occurrence of the crankshaft
position pulses 32.

Essentially, the crankshaft position sensor 11 pro-
duces the signal 31 which consists of the position pulses
32 that have a variable period T related to the rotational
speed of the engine crankshaft. The flip-flop circuit 12,
the dual slope integrator circuit 13 and the comparator
14 in FIG. 1 receive the signal 31 produced by the
crankshaft sensor 11 and generate the periodic signal 40
in response thereto, wherein the signal 40 has a time
varymg magnitude which varies at the rates k; and k»
and has a peak magnitude Vrelated to the period of the
crankshaft position pulses 32. As previously mentioned,
the peak magnitude Vrof the varying signal 40 occurs at
the time tg which coincides with the creation of the
input signal pulses 32.

The engine monitoring circuit %9 essentially com-
prises a sampling circuit in which the crankshaft sensor
signal 31 is applied to the clock terminal of the flip-flip
96 and the varying signal 40 is applied as an input to the
comparator 91. The monitoring circuit 90 eventually
produces an output signal 97 at the terminal G and the
waveform of the signal 97 is shown in FIG. 4G. This
output signal has a magnitude which is related to the
peak magnitude Vyof the varying magnitude signal 40
and the sampling means effectively utilizes the signal
pulses 32 to insure that the magnitude of the varying
signal 40, only during the occurrence of the signal
pulses 32, is allowed to determine the magnitude of the
output signal 97. This is accomplished in the following
manner.

The comparator 91 essentially functions as an engine
speed detector in that it compares the magnitude of the
signal 40 with a predetermined reference level 98 corre-
sponding to the voltage at the junction (also identified
by the reference number 98) between the resistors 92
and 93. The reference level 98 is illustrated in FIG. 4D
as corresponding to a constant voltage level. The out-
put of the comparator 91 is produced at the terminal F
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and comprises a signal 99 consisting of high logic states
100 corresponding to when the magnitude of the signal
40 exceeds the reference level 98 and low logic states

101 corresponding to the opposite condition. The signal

99 is supplied to the data terminal D" of the flip-flop 96
and 1n response to the presence of a crankshaft position
pulse 32 at the clock terminal C”, the signal 97 pro-
duced at the terminal G is updated so that it provides an
indication of the engine speed. This is because when a
posttive transition of the signal 31 occurs at the times tg,
- then the logic state at the output terminal Q of the flip-
flop 96 is set in accordance with the loglc state present
at the terminal D",

FI1G. 4D 1llustrates that for a relatwely slow engine
speed having a period T, the peak magnitude V will
exceed the reference level 98 at the time tgand this will
create high logic states 100 in the signal 99. Since the
crankshaft pulses are created at the times tg, the logic
state of the output signal 97 will therefore reflect the
logic state of the signal 99 at the terminal F at the times
to. For a high engine speed corresponding to the period
T', FIG. 4D illustrates that the peak magnitude of the
- waveform 40 will not exceed the reference level 98.
Thus no high logic states 100 will be produced in the

signal 99 and the terminal G w:ll be maintained at a low
logic state.

The basic advantage of the circuit 90 is that a signal
(97) is produced related to engine speed while the mag-
nitude of this signal is effectively updated for each
crankshaft pulse 32 while the previous signal magnitude
is maintained until the occurrence of the signal 32.
Usmg techniques similar to those of circuit 90, monitor-
ing circuits can be designed in which the magnitude of
the speed monitoring output signal is an analog signal
whose magnitude varies in direct proportion to the
magnitude of the engine speed sampled at each pulse 32.

while I have shown and described a specific embodi-

ment of this invention, further modifications and im-
provements will occur to those skilled in the art. All
modifications which retain the basic underlying princi-
ples disclosed and claimed herein are within the scope
of this invention.

I claim:
1. An engine speed monitoring circuit comprising:
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sensor means for producing variable period signal
pulses wherein the period of the pulses is related to
engine speed;

means coupled to said sensor means for recewmg said
signal pulses and periodically generating, in re-
sponse thereto, a signal having a magnitude vary-
Ing at at least a predetermined rate and having a
peak magnitude related to the period of the signal

- pulses, the peak magnitude thereby also ‘being re-

lated to engine speed, and wherein said peak mag-
nitude occurs at the occurrence of said input signal
pulses; and

samphng means coupled to said sensor means and said
varying magnitude signal generating means for
producing an output signal having a magmtude
related to the peak magnitude of said varying mag-
nitude signal by utilizing said SIgnal pulses to insure
that the magnitude of said varying signal, only
substantially at the occurrence of said signal pulses,
determines said output signal, said output signal
magnitude being maintained after the occurrence
of each of said signal pulses until the next updating
of the output signal magnitude at the next occur-
rence of said signal pulses,

said sampling means including a controllable gate
means connected in series between said varying
magnitude signal generating means and said output

s:gnal said gate means having a control terminal
receiving said signal pulses which result in effec-

tively closing said gate means only during the oc-
currence of said signal pulses to provide a series
signal path between said varying magnitude signal
generating means and said output signal only at the
occurrence of said signal pulses.

2. An engine speed monitoring circuit according to
claim 1 wherein said gate means comprises a flip-flop
circuit and said control terminal corresponds to a clock
terminal of said flip-flop circuit,

said varying magnitude signal being coupled to a data

terminal of said flip-flop circuit.

3. An engine speed monitoring circuit according to
claim 2 wherein said sampling means includes an engine
speed detector comparator means having one input
recetving said varying magnitude signal and another
input receiving a predetermined reference level, and
wherein the output of said comparator means is sup-
plied to a data terminal of said flip-flop and said output

signal is provided at an output terminal of said flip-flop.
2 % % % %
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